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Since 1973, a research project on webs for cold-formed steel
flexural members has been conducted at the University of Missouri-Rolla
under the sponsorship of American Iron and Steel Institute. This study
deals with the structural behavior of beam webs subjected to bending
stress, shear stress, combined bending and shear, web crippling and the
effect of bending on web crippling load. In addition, it includes a
study of beam webs reinforced by either transverse or longitudinal
stiffeners.
This report presents the research findings on the unreinforced beam
webs subjected primarily to shear stress. The results obtained from the
study of beam webs subjected to other types of stress and the combinations
thereof are presented in some other reports of the University of Missouri-
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1. INTRODUCTION
A. General
Since the early 1940's, thin-walled cold-formed steel structural
members have gained increasing popularity in building construction and
other areas. The wide use of this type of structural member can be
attributed to its favorable strength-to-weight ratio, ease of prefabri-
cation and mass production, fast and easy erection and installation, and
many other advantages (1,2),
In the United States, the webs of cold-formed steel beams are
designed on the basis of Section 3.4 of the AISI Specification (3)
for shear stress, bending stress, and combined bending and shear
stresses. The reasoning behind and the justification for these design
provisions are discussed by Dr. Winter in his Commentary on the 1968
Edition of the AISI Specification (4).
During recent years, new types of sections and materials have been
introduced for use in buildings and other applications. The use of
unusual geometric shapes in conjunction with different types of steel
sheet and strip often complicate the design problem. For this reason,
a research project on "Webs for Cold-Fonned Steel Flexural Members"
has been carried out at the University of Missouri-Rolla (UMR) under
sponsorship of the American Iron and Steel Institute (AISI). Under
this research project, studies have beer. conducted on the structural
behavior of beam webs subjected to bending stress, shear stress,
crippling load, and combinations thereof.
A study of the structural behavior of beam webs subjected to
bending stress was reported by the authors in Reference 32. This report
is concerned with the investigation of cold-formed steel beam webs
1
2subjected primarily to shear stress. The research findings on other
subjects will be presented in subsequent reports.
B. Purpose of Investigation
In the design of cold-formed steel beams, the current AISI
criteria governing the shear stress in unreinforced webs were, for
the sake of uniformity, adopted from the AISC Specification (5).
Although the validity of these design formulas has been demonstrated
experimentally for hot-rolled shapes and welded plate girders, little
experimental work has been conducted to verify their use for cold-formed
members. Thus, the objectives for this phase of the investigation
were to verify the theoretical shear strength by test results
and to determine the postbuckling behavior of unreinforced webs
subjected primarily to shear stress.
C. Scope of Investigation
The present study consists of an experimental investigation of
the structural behavior of unreinforced cold-formed steel. beam webs
subjected primarily to shear stress.
The first phase of the investtgation involved an in-depth review
of available publications and research reports relating to plate and
beam web behavior. Section II contains a summary of this literature
survey.
In Section III, the experimental work and comparisions of tested
and theoretical values are discussed. Recommended revisions to the
current AISI Specification are also presented.
Finally, in Section IV, the results of the investigation are
summarized, and conclusions relative to the structural behavior of
cold-formed steel beam webs subjected primarily to shear stress are
3II. LITERATURE SURVEY
A. General
Some of the more important research pertaining to the structural
behavior of plates and beam web elements subjected primarily to shear
stress are discussed in this section.
Several current specifications governing the design of beam webs
submitted to shear stress are also presented.
B. Behavior of .Plates and Beam Web Elements
The strength of web elements subjected to shear stress is a
function of the depth to thickness ratio of the web, the support
conditions along the edges, the aspect ratio of the web element,
the use of web stiffeners, the mechanical properties of the material,
and initial imperfections.
1. Shear Yielding
Lyse and Godfrey (6) in 1935 were the first to investigate the
behavior of beam webs subjected to shear stress. They found that for
hIt ratios of 70 or less the maximum shearing stress in the web
corresponded very well with the shear yield point given by the Von Mises
yield theory,
(1)
in which Fy is the tensile yield point for the material.
In 1968, Carskaddan (15) reported that in order for an unstiffened
web element to attain shear yielding the hIt ratio must be less than
the quantity 402/!F,;' Limitations on the depth to thickness ratios
for web elements have also been studied by Haaijer and Thurlimann (16),
4Croce (17), and Holtz and Kulak (18) for steel beams and plate
girders.
2. Shear Buckling
For relatively large hit ratios, the shear strength of an unrein-
forced beam web is governed by shear buckling. The critical shear
buckling stress in the elastic range, LcrE' has been studied by
Southwell and Skan (19) artd Timoshenko (20) and is given by Eq. 2.
(2)
in which k= buckling coefficient, E =modulus of elasticity, ~ = Poissor
ratio, h = depth of the web element, and t = thickness of the web
element.
The buckling coefficient, k, depends upon the support conditions
along the edges of the web and the aspect ratio, a = alh, in which a
is the length of the web element. For simply supported edges, the
numerical value of k can be determined by using Eqs. 3 and 4 for a
specific value of a;
and
k =4.00 +~, when a: 1.0
a




For web elements having moderate hit ratios, the web may buckle
in the inelastic range depending on the actual proportional limit.
The critical shear stress in the inelastic range has been studied
by several investigators (7,21-23). It has been found that the




in which n is a plasticity reduction factor.
Various methods have been proposed for determination of the plasticity
reduction factor. Two such methods are
(a) Stowell's Method (2l), n =JEt/E
where Et = tangent modulus of the material
E =Young's modulus of the material
(b) Gerard's Method (23), n =GslGo (7)
where Gs = secant shear modulus
G = initial shear modulus.
o
In 1957, Gerard and Becker (24) prepared a "Handbook of Structural
Stability". This handbook presents a comprehensive review and compila-
tion of theories and experimental data related to the buckling and
failure of plate elements encountered in aircraft structures. The
factors governing the buckling of flat plates are reviewed, and the results
are summarized in a series of charts and tables. Numerical values are
also presented for the buckling coefficients or flat plates that have
various boundary conditions and applied loadings.
Based on an assumed proportional limit in shear, Tp' of 0.8 Ty
and a reduction procedure presented by Bleich (22) for columns, the
following equation for inelastic shear buckling was developed by Basler
et sl. (n;
(8)
6The reduction concept employed in Eq. 8 does not allow a critical
shear stress greater than ~y and thus does not account for any strain
hardening effect. Therefore, it is too conservative for web elements
having low hit ratios. Considering the influence of strain hardening,
Basler (8) reported that the following reduction fonnu1a can provide
a more realistic estimate for the shear strength in the inelastic
and strain-hardening ranges:
(9)
3. Tension Field Action
Subsequent to buckling,the stress distribution in the web
changes,and considerable postbuckling strength may occur as a
result of the development of diagonal tension, which is called tension
field action.
In the 1960's,the results of extensive studies, both analytical
and experimental, were published by Basler et~. (7,8) to evaluate
the ultimate strength of stiffened plate girder webs. Test results
from gi'rders having transverse stiffeners with aspect ratios ranging
from 0.5 to 3.0 and depth to thickness ratios that varied from 131
to 382 revealed a significant postbuck1ing strength. This post-
buckling strength was attributed to tension field action provided by
the transverse stiffeners.
Basler (8) was the first to formulate a model for reinforced plate
girder webs used in buildings and bridges. He assumed that the
ultimate shear stress, TU ' is equal to the sum of the beam action




The insertion of at from Eq. 11 into Eq. 10 gives
(12)
(13)
It was first shown by Gaylord (25) and later by Fujii (26) and
Selberg (27) that Basler's formula (Eq. 12) gives the shear strength
for a complete tension field; this overestimates the shear strength
of the web. The correct formula for web behavior is given by Eq. 13
for a partial tension field (28);
1" :; 1" + f (l ~ 1"CY.')/2(.Jl;;1 + ex)
u cr y T.y
Subsequent research by Rockey and his coworkers (9~14) demonstrated
that the rigidity of the flanges has a profound effect on the shear
capacity of the web for a transversely reinforced girder.
C. Current Design Criteria
1. AISI Specification
Section 3.4.1 of the 1968 edition of the AISI Specification (3)
provides the following limitations for the allowable shear stress in
web elements:
(a) For hIt 5 54711F,; ,
_ 152 ;r;
Fv - hIt ~ 0.40 Fy (14)




These formulas provide allowable stresses that can be used to prevent
web failure against shear yielding, inelastic shear buckling, and elastic
shear buckling on the basis of the hit ratio of the web element.
In Eq. 14, the upper limit for the allowable shear of 0.40 Fy
was obtained from the Von Mises yield criteria and a factor of safety
of 1.44 ;
l FyFv ~ 1.44 ::: ::: 0.40 Fy13 x 1.44 (16 )
When hit 5 380/~, the web element is governed by shear yielding;
conversely, when hit > 380/~, the allowable shear stress is determined
by Eq.14 and is based on inelastic shear buckling. This equation was
originally derived by AISC through the use of Eq.9 and a factor of safety
of 1.67. A value of 29 x 103 ksi was used for the modulus
of elasticity along with a buckling coefficient, k, equal to a constant
of 5.35.
When the hit ratio of the web element exceeds 547/~, the allowable
shear stress is based on elastic shear buckling (Eq. 2). Equation 15
provides a factor of safety of 1.71 for E = 29.5 x 103 ksi.
The current AISI Specification does not permit the use of load
and resistance factor design for co1d-fonmed steel members. However,
in the United States a research project is underway to develop an
alternative method for a design using the load and resistance factors.
92. Canadian Specification
The 1974 Edition of CSA Standard S136 entitled "Cold Fonned Steel
Structural Members" (29) provides the designers with the option
of using either allowable stress design or limit states design.
a. Allowable Stress Design
Section 5.5.1 of CSA Standard S136 - 1974 specifies that the
maximum average shear stress~ f
v
' on the gross area of a flat web
should not exceed
(17)
nor should it exceed,
(a) when H ::: 547/rr; ,
or






The symbol H represents the web slenderness ratio, hit, and
Fy equals the tensile yield strength of the steel. These equations
are the same as used in the current AISI Specification for allowable
shear stress in web elements (Eqs. 14 and 15).
b. Limit States Design
Section 12.5.1 of CSA Standard S136 - 1974 (29) requires that
the maximum average shear stress, fv" resu1 ting from factored loads
on the gross area of a flat web should not exceed O.577~aFy nor should
it exceed,
(a) for H<; 547(1r,
- y
10
Fv = <Pa 260~IH,
(b) for H> 547//f,; ,




In the above equations, <Pa is defined as a performance factor
and is given as 0.90 in Section 12.1.1 of CSA Standard S136 - 1974
(29).
3. British Specification
The maximum permissab1e shear stress as specified by Addendum
No.1 (1975) to BS 449 (30) is as follows:
a. Members subjected to bending. Separate calculations shall
be made for maximum and average shear stresses in the case
of members subjected to bending.
b. Maximum shear stress. The maxi'mum shear stress, Pq, with regard
to the elastic stress distribution in the member shall not
exceed 0.46 Fy .
c. Average shear stress. The average shear shall not exceed the
value of Pq as obtained from i or ii, whichever is smaller.
(i) Pq = 0.39 Fy.
(ii)Pq is as given in Table 1 for all steels.
The web area should be taken as the overall depth of the beam web
multiplied by the total thickness of the web. When large openings are
in the web, calculations should be made to ensure that the maximum
shear stress does not exceed 0.46 Fy .
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4. French Specification
From a paper by Moreau and Tebedge (31), the maximum permiss«ble
shear stress to prevent yielding is given by the following
formula:
(22)
The maximum permissable shear stress to resist local shear
buckling is calculated by using the following equation:
7+ T2 ~ 195.36 (100 t/h)4 (23)
in which a and T are the normal and shear stresses respectively.
The French design recommendations are based on the concept of
load factor or enhancement factor design.
III. STRUCTURAL BEHAVIOR OF BEAM WEBS
SURJECTED PRH1ARILY TO SHEAR
A. General
A survey of the literature reveals that a considerable amount of
research, both experimental and analytical, has been conducted to
12
determine the structural behavior of web elements subjected primarily
to shear. Because most of the publications deal with beam webs of hot-
rolled shapes and welded plate girders, the objective of the present
study has been to determine the shear strength of cold-formed steel web
elements.
8. Analytical Study
A study of the current AISI Specification for the allowable shear
and the permissible load to prevent web crippling indicates that, in
general, shear does not usually govern the design of cold-formed steel
beam webs. This fact is depicted graphically by Figs. 1 through
12. However, since the shear strength of cold-formed steel beam webs
was not extensively investigated during development of the current AISI
Specification, an experimental study to demonstrate the validity of the
current design formulas was in order. In addition, the findings of the
present study will serve as the basis for a future study of combined
bending and shear because for continuous beams high shear and moment
regions occur at interior supports. The same is true for cantilever
beams. For these cases, high shear may reduce the moment capacity
of the beam web. In order to investigate this interaction, it was
first necessary to study the web strength governed primarily by shear
in a region of low moment.
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C. Experimental Study
The objective of the present experimental investigation was to
determine the strength and postbuckling behavior of unreinforced webs
subjected primarily to shear. These experimental results were to be
compared with the shear strength of beam webs determined by the theore-
tical equations.
The strength of the beam webs was studied with due consideration
given to the slenderness ratio of the web (hit), the edge support
conditions provided by varying the flat width to thickness ratios of
the flange, the aspect ratio of the web element (a/h), and the mechanical
properties of the steel. The afore mentioned variables are ranged
as follows:
hit = 80.01 to 253.97
wit = 25.40 to 71 .91
alh = 0.481 to 3.230
F = 33.46 to 53.79 ks i .
Y
A total of 43 beam specimens were tested in this study. These
specimens consisted of 33 beam members fabricated as shown in Fig. 13
and 10 modified beam members (Fig. 14). All of the tests were performed
in the Engineering Research Laboratory of the University of Missouri-Rolla.
Prior to conducting the shear tests, various loading arrangements,
including the established shear diaphram test procedure (33), were studied
in an attempt to develop a loading system that would simulate a practi-
cal engineering application. However, a loading system enabling the
investigation of the shear capacity of unreinforced web elements could
not be devised. This stemmed from the fact that short beams using
conventional bearing plates usually fail in web crippling before the ultimate
14
shear capacity can be reached. Therefore to prevent a bearing failure
caused by using conventional bearing plates, the loads and reactions were
introduced directly into the beam webs. This was done by using the setup
shown in Figs. 15 and 16. The loads and reactions were applied through
bearing plates to hot-rolled channels, which transferred the loads and
reactions to the beam webs by 1/2-in. diameter threaded rods. In addition,
1/2-in. long spacers were placed between the beam webs and the hot-rolled
channels to prevent their full contact.
Topics to be discussed in this section are (1) preparation of
beam specimens, (2) testing of specimens, (3) results of tests,
(4) evaluation of test data, and (5) recommended modifications for
the current AISI Specification.
1. Preparation of Beam Specimens
The beam specimens were fabricated from channel sections in the
same manner as the bending test specimens. For fabrication details see
Ref. 32. The channel sections were selected to give a practical
range of design parameters for the beam members. Tables 2 and 3 list
the dimensions and applicable design parameters for all test specimens.
In an attempt to check the critical shear buckling stress experi-
mentally, foil strain gages (Nos. EO and EI) were mounted on the beam
web as shown in Fig. 17. Strain gages were also mounted on the tension
and compression flanges to determine the applied bending stresses (Nos.
A, B, C, and D).
In addition, grid lines were plotted on the web of the other
channel section. They were used to determine the lateral displacements
of the deformed web.
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2. Testing of Specimens
a. Tensile Coupon Tests
The mechanical properties of the steel used for the beam specimens
were established by standard tensile coupon tests. All coupons were
prepared in accordance with ASTM E8 and tested in a 150,000-lb Tinius
Olson universal testing machine. Table 4 contains the test data on
yield point, ultimate tensile strength, and elongation measured from a
2-in. gage length.
b. Testing of Beam Specimens
Most of the beam specimens were tested with simply supported
conditions by using rollers and bearing plates at each end of the
beam. See Setup-A as shown in Fig. 18. The load was applied as a
concentrated load by a hydraulic jack and transmitted to a bearing
plate, which transferred the load to two 8-in. hot-rolled channels.
The load was then transmitted to the beam webs through 1/2-in. dia-
meter rods. An electric load cell was placed between the jack and
bearing plate for measurement of the applied load.
Test Setup-A as shown in Fig. 18 was used for 39 test specimens.
However, as a result of the symmetry of this loading system, a warping
or buckling restraint could inhibit the formation of the shear buckling.
To investigate the possibility of this behavior, two tests were con-
ducted with test Setup-B as shown in Fig. 19, for which the warping
restraint is reduced. To study the shear capacity for members having
an aspect ratio larger than unity, test Setup-C as shown in Fig. 20
was employed. The shear and moment diagrams for the different loading
systems are given in Fig. 21.
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Loads were applied in one kip increments from zero to the
predicted theoretical buckling load. Smaller loading increments were
used before and after the predicted buckling load. For each increment
of loading, the applied jack load and strain gage readings were
recorded on both printed and punched paper tapes by a data acquisition
system.
At selected applied loads, the lateral displacements of the beam
web were measured. This included the following load conditions:
· initial load
· observed shear buckling load
· predicted shear buckling load
· failure load.
The lateral deformations were measured by linear potentiometers,
which were attached to a movable frame. For further detials, see
Ref. 32.
3. Results of Tests
During the test, the following experimental data were obtained:
(p) the critical load initiating web buckling caused by
cr test -
shear stress (determined by stress reversal method)
(p ) the maximum load for the beam specimen.
· u test -
The results of 43 tests are given in Table 5. Also given in
Table 5 and shown in Fig. 21 are the values of (M')test which were
computed from (Pu)test.
4. Evaluation of Test Data
The shear stress corresponding to the critical buckling load was
computed by the average stress method, i.e.,









in which Aw represents the area of the beam webs, h is the clear
distance between the flanges, and t is the thickness of an individual
beam web. The computed critical shear stresses for 11 beams are pre-
sented in Table 5.
The shear stress corresponding to the failure load was evaluated
by using two different concepts: the method given by beam theory and
the average stress method.
In the beam theory, fa i 1the failure shear stress,T t' wasexac




v = external shear of the section in question
(25)
Q = statical moment of that portion of the section lying above or
below the line on which T is desired, taken about the neutral
axis
I = moment of inertia of the full area of the section about the
neutral axis
b = width of the section where shear tress is desired.
The shear stress given by the average stress method, T:~~l, was
determined by using Eq. 26;
fail V V
Lave = ~ = 2ht
in which A., h, and T were previously defined.
(26)
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The shear stresses computed by using Eqs. 25 and 26 for the
failure loads, (Pu)test' are also listed in Table 5. It should be
noted that the maximum shear stress determined by Eq. 25 occurs at the
neutral axis of the cross section. The ratios between the maximum and
average shear stresses range from 1.048 to 1.250. For details see
Table 5 and Fig. 22.
The above test results were used to verify the theoretical values
for shear yielding and buckling. In Table 6, the shear yield point,
Ty ' was computed on the basis of Eq. 1 and the tensile yield point, Fy '
presented in Table 4. The theoretical critical shear buckling stresses
were computed by Eq. 2 for sharp yielding steels and by Eq. 9 for
gradual yielding steel with a maximum value of Ty. The effect of
initial imperfections of the beam web was not considered. In the
application of Eq. 9, the values of (Tcr)B l were based on T =as er . pr
0.8 T as suggested by Basler, and the values of (TC ) t were determinedy r ac
for the actual tested value of Tpr = 0.69 Ty.
Based on the results of 43 shear tests, the following items are
discussed: comparison of the experimental and theoretical stresses,
postbuckling strength of webs subjected primarily to shear stress,
actual factors of safety for beams against the design load, and failure
modes.
a. Comparison of Experimental and Theoretical 5tresses
To determine the accuracy of the theoretical shear buckling stress,
strain gages were mounted on the webs of 11 shear test specimens as
shown in Fig. 17. For specimen Nos. 5-9-4 through 5-9-8, 5-11-3,
5-12-3, 5-19-2, 5-19-3, 5-20-1, and 5-20-3, the ratios of (T )t t/cr es
(Tcr)act' given in Table 6, vary from 0.562 to 0.908 for ~ =1.0, and
from 0.978 to 0.985 for ~ = 3.23.
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For the five beam specimens having hit < 100 and a < 1.0 (S-10-3,
S-10-4, S-10-5, S-l-l, and S-1-2), the computed values of (T )
cr Basler
and (Tcr)act exceed the shear yield point, Ty' As expected, all five
beams failed in shear yielding. The accuracy of the prediction is
. d' t d b th t· fail /. d fail / t' d' T b1 6ln lca eye ra lOS Tave Ty an Texact Ty con alne ln a e .
For specimens S-10-1 and $-10-2 having hit = 80 and a = 1.0, the
ratios of T:~~lhy and T:~~~t/Ty are considerably lower than unity
because these beams actually failed in a combination of shear and
bending.
b. Postbuck1ing Strength of Webs Subjected to Shear Stress
The ratios T':~~1I (1" cr)act and T:~~~tl (T cr)act for 31 beam specimens
are listed in Table 6. The former range from 0.958 to 2.031, whereas
the latter vary from 1.048 to 2.128. These high ratios indicate the
postbuckling strength of web elements, which is apparently due to
tension field action developed from the special arrangement of con-
nections used in the tests.
A study of the test results indicates that the postbuckling
strength may be a function of the web slenderness ratio, the yield
point of the material, and the aspect ratio of the web. As the values
of these parameters increase, the postbuckling strength also increases.
However, no attempt was made to develop any specific design equations
on the basis of the experimental results obtained from this series
of tests. This is because the postbuckling strength of web elements,
which results from tension field action, can be developed only for beams
with special connection arrangements, as used for the test specimens,
and for beams with properly designed transverse stiffeners. This type
of postbuck1ing strength does not exist for beams with unreinforced webs
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when bearing plates are used at supports and/or placed under concentrated
loads. It is also true for beams under distributed loads even though
end stiffeners are provided.
c. Actual Factors of Safety of Beams Against the Design Loads
From Section 3.4.1 of the current AISI Specification (3), the




when hIt is greater than 54711Fy' This is the case for all 43 test
specimens according to the current Specification. Consequently, the
allowable shear force can be computed by the following expression:
v = F x A
a v w (28)
in which A
w
is the cross-sectional area of the beam webs.
The values of the computed allowable shear force, Va' and the
tested shear force, (V)t t' are presented in Table 7. The actual
u es
factors of safety, defined by the ratio (Vu)test/Va' are also listed in
Table 7. This table reveals that for all test specimens with special
connection arrangements (except S-10-2, which failed prematurely by
bending), the actual factors of safety were much larger than the value
of 1.71 as assumed by the AISI Specification. The reason for these
conservative quantities is two-fold. First, the theoretical buckling
coefficients for the test specimens are larger than the value of 5.35
used in the AISI Specification. This is because the aspect ratios for
most of the test specimens range from 0.481 to 1.068, which are smaller
than the aspect ratio of practical unreinforced beam webs. Second, large
numerical values for the tested shear forces are due to the postbuckling
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strength of the web elements caused by the special connection arrangements.
The factors of safety for the beam specimens were re-evaluated on the
basis of the measured proportional limit of steel (Tpr = 0.69 Ty) and the
theoretical buckling coefficients (Eqs. 3 and 4) according to the actual
aspect ratios. The results of this study are presented in Table 8, in which
the maximum shear stress, f v' was based on either the critical buckling
stress, (Tcr)act,or the yield stress in shear, Ty ' whichever is smaller. By
using a selected factor of safety of 1.67, the allowable shear stress, fa'
and the allowable shear force, Va' were computed as follows:
fa = f v I 1.67
Va = fa Aw'
The ratios of (V)t t/V (Table 8) represent the factors of safety for the
u es a
tested beam specimens when the allowable shear stresses were calculated by
using the actual aspect ratios of web elements and the actual proportional
limit. The data listed in Table 8 reveals that the majority of the ratios of
(V) IV vary from 1 57 to 2 11 The high ratios for 5-9-7 and 5-9-8 areu test a .. .
possibly due to the favorable moment diagram for 5etup-C and the larger aspect
ratio. It should be noted that beam specimens 5-10-1 through 5-10-3 failed pre-
maturely as a result of bending, whereas 5-19-1, 5-19-2,5-20-1, and 5-20-2
failed early as a result of web crippling. Although some of the factors of
safety as reported in Table 8 appear to be large, they are not as large as the
quantities listed in Table 7, which were calculated on the basis of the current
AISI design provisions. The conservative factors of safety presented in
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Table 7 are attributed to the development of postbuckling strength resulting
from the load apparatus.
d. Failure Modes
Typical failure modes for web buckling caused by shear are shown in
Figs. 23 and 24. Although the failure patterns indicate definite
shear buckles~ it seems that premature failure may have occured as the
result of insufficient bending capacity of six beam specimens
(S-2-1 ~ S-2-2, S-3-1 ~ S-3-2~ S-8-1 and $-8-2). To determine
the maximum shear capacity of the beam~ six additional tests (Nos.
MS-2-1~ MS-2-2~ MS-3-1, MS-3-2, MS-8-1 and ~~S-8-2) were performed
with cover plates added to both the tension and compression flanges.
From the results of these tests (Table 5), it can be seen that stiffen-
ing the flanges had little or no effect on the shear failure load.
To investigate the possibility that a warping or buckling restraint
was produced by the symmetry of the test setup shown in Fig. 18, two




(p ) for these two tests were compared with theu test'
(p ) for $-9-1 and S-9-2, as given in Table 5,u test'
to be no restraining effect resulting from the sYmmetry
of the test setup.
Specimen Nos. $-9-7 and S-9-8, both of which had aspect ratios of
3.23, were tested in order to develop insight into the shear capacity
of web elements having larger aspect ratios. Data given in Table 6
indicate the presence of a considerable postbuckling capability for
webs possessing large aspect ratios.
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Tests were also conducted to determine the effect of various
connection details on the capacity of beam webs subjected primarily to
shear. Three different connection configurations were studied (Fig. 25).
The first and second types (Figs. 25(A) and 25(B», developed similar
capacities. This may be observed by comparing the failure loads of
specimen No. S-9-1, for which connection pattern A was used, and
specimen No. S-9-4, for which configuration B was used. See Table 5.
Specimen Nos. S-9-3, S-19-1, S-19-2, S-20-1, and S-20-2 were tested by
using connection pattern C. In this case premature failure was
attributed to web crippling, which resulted at the end supports because
the connection rods were poorly arranged.
5. Proposed Revision of Section 3.4.1 of the AISI Specification
Based on a study presented in this report, it is proposed that
Section 3.4.1 of the 1968 Edition of the AISI Specification be revised
to read as follows:
"3.4.1 Shear Stresses in l~ebs
The maximum average shear stress, Fv' in kips per square
inch, on the gross area of a flat web shall not exceed:
(a) For hit not greater than 236.~ :
y
65.71kF" 'th . f 040FFv = (hit) y- Wl a maXlmum 0 • y
(b) For hit greater than 236.7~ :
'y
F = 15,550 k
v (hit) 2
where h = clear distance between flanges measured along the
plane of web, in.
t = base steel thickness of the web element, in.
Fy =yield point, ksi
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k =shear b~ckling coefficient determined as follows:
(1) For unreinforced webs, k = 5.35;
(2)- For beam webs with adequate transverse stiffeners
at supports and under concentrated loads and for
beams having unreinforced webs properly designed
and constructed such that tension field action can
be developed,
k = 5.34 + (:;~~2' when a/h > 1.0
k = 4.00 + 5.34 h /h 1 0(a/h)2' w en a ~ .
In the above expressions, a =shear panel length of the un-
reinforced web element in inches. For a reinforced web ele-
ment, a is the distance between transverse stiffeners,
Where the-web consists of two or more sheets, each sheet shall be
considered as a separate member carrying its share of the shear".
As compared with the 1968 fdition of the AISI Specification, the
above proposed revision provides the same allowable shear stress for
unreinforced webs using bearing plates. ~owever, for beam webs rein-
forced by transverse stiffen~rs and for unreinforced webs properly
designed and constructed such that tension field action can be developed,
a larger k value than 5.35 can be used.
Based on the test results obtained from this study, the computed




The objective of the present experimental investigation has been
to study the structural behavior of cold-formed steel beam webs
subjected primarily to shear stress.
A total of 43 beam specimens were tested in this phase of the
program. Based on the results of these tests, the following conclusions
can be drawn:
1. The exact critical buckling load for beam webs is difficult to
determine experimentally.
2. For the beam specimens tested in this progl~m, the postburkling
strength of web elements due to tension field action increases
as the hit ratio of the web, the aspect ratio of the web, and
the yield point of the material increase. Arrangement of con-
nections has a significant effect on the ultimate shear capa-
city of the unreinforced webs. If the connections are arranged
such that the tension field action can be developed, the post-
buckling strength of web elements may be utilized for design.
3. The average stress approach may underestimate the maximum
shear stress by as much as 25 percent as compared with the
exact method.
4. The current AISI design criteria provides large factors of
safety against the ultimate strength for the tested beams with
special connection arrangements at supports and under the con-
centrated load. This is attributed to the development of tension
field action in the tests. A minor revision of Section 3.4.1
of the AISI Specification is proposed for consideration.
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*Where 0 is the overall depth of beam at the web,
and t is the thickness of the thinnest web plate.
Note: 1. For webs without stiffeners, O/t should not exceed 125.
2. Values of pi apply to all ste~ls,but shall not exceed 0.39 Fq y
TABLE 2
CROSS SECTION DIMENSIONS OF SHEAR TEST SPECIMENS
Beam Cross-Section Dimensions (in.)
Specimen
No. Thickness 61 B2 83 84 d1 d2 D1 D2 BB TFPL BFPL TPL
S-l-l 0.0458 1.903 1.962 1.953 1.898 0.597 0.608 4.756 4.734 4.5
S-1-2 0.0460 1.889 1.947 1.973 1.907 0.629 0.622 4.704 4.688 4.5
S-2-1 0.0462 1.973 1.893 1.909 1.972 0.624 0.625 5.733 5.690 9
5-2-2 0.0466 1.932 1.908 1.944 1.909 0.600 0.607 5.725 5.721 9
S-3-1 0.0460 1.938 1. 923 1.909 1.967 0.589 0.614 6.907 6.855 9
S-3-2 0.0458 1.949 1.955 1.917 1.906 0.581 0.698 6.755 6.822 9
S-8-1 0.0460 3.006 2.989 2.986 3.013 0.632 0.601 5.773 5.725 9
S-8-2 0.0460 2.974 2.981 2.989 2.997 0.605 0.602 5.803 5.797 9
S-9-1 0.0460 3.484 3.402 3.452 3.524 0.703 0.674 6.793 6.795 9
S-9-2 0.0460 3.492 3.442 3.481 3.484 0.659 0.647 6.817 6.849 9
S-9-3 0.0461 3.443 3.478 3.486 3.444 0.583 0.615 6.785 6.781 9
S-9-4 0.0462 3.463 3.456 3.454 3.509 0.609 0.601 6.743 6.732 9 5.020 5.004 0.038
S-9-5 0.0463 3.487 3.463 3.468 3.473 0.696 0.633 6.746 6.792 9 5.033 5.036 0.038
S-9-6 0.0465 3.430 3.414 3.504 3.530 0.710 0.618 6.830 6.780 9 5.033 5.036 0.076
S-9-7 0.0466 3.482 3.503 3.480 3.481 0.657 0.668 6.793 6.802 9
5-9-8 0.0465 3.504 3.463 3.438 3.460 0.677 0.650 6.805 6.802 9 6.882 6.900 0.047
S-10-1 0.0485 1.506 1.498 1.493 1.494 0.607 0.602 3.973 3.989 6
S-10-2 0.0485 1.487 1.498 1.477 1.494 0.589 0.602 4.024 4.038 6
S-10-3 0.0485 1.500 1.490 1.499 1.487 0.618 0.583 4.003 4.020 6
S-10-4 0.0485 1.495 1.500 1.498 1.497 0.606 0.592 4.005 4.023 4
5-1 9-5 0.0485 1.496 1.499 1.489 1.500 0.589 0.604 4.026 4.033 4
S-ll-l 0.0500 1.487 1.485 1.486 1.500 0.625 0.612 5.813 5.785 7
S-11-2 0.0500 1.487 1.503 1.514 1.511 0.596 0.604 5.760 5.760 7
S-11-3 0.0505 1.502 1.496 1.483 1.493 0.611 0.608 5.793 5.793 7 - - - Co\)
S-12-1 0.0502 1.509 1.506 1. 512 1.505 0.594 0.607 7.201 7.200 7 ....
S-12-2 0.0502 1.508 1.528 1. 513 1.509 0.608 0.609 7.243 7.230 7
TABLE 2 (cont1d)
CROSS-SECTION DIMENSIONS OF SHEAR TEST SPECIMENS
Beam Cross-Section Dimensions (in.)
Specimen
No. Thickness B1 B2 B3 B4 d1 d2 D1 D2 BB TFPL BFPL TPL
S-12-3 0.0515 1.514 1.482 1.509 1.504 0.611 0.595 7.238 7.272 7
5-17-1 0.0510 3.450 3.310 3.250 3.507 0.600 0.604 5.720 5.730 9
$-17-2 0.0510 3.020 3.045 3.066 3.037 0.602 0.601 5.730 5.713 9
5-18-1 0.0515 3.514 3.505 3.500 3.513 0.613 0.605 7. 195 7.204 9
$-18-2 0.0515 3.510 3.505 3.519 3.524 0.595 0.610 7.217 7.223 9
S- 19-1 0.0478 1.456 1.453 1.509 1.511 0.687 0.576 9.787 9.770 4.5
S-19-2 0.0489 1.537 1.535 1.453 1.458 0.594 0.675 9.802 9.805 4.5
S- 19-3 0.0488 1.506 1.502 1.498 1.469 0.604 0.615 9.817 9.831 7
S-20-1 0.0466 1.515 1.516 1.461 1.463 0.626 0.662 12.390 12.350 4.5
S-20-2 0.0491 1.453 1.498 1.502 1.452 0.663 0.660 12.400 12.400 4.5
S-20-3 0.0481 1.459 1.455 1.448 1.499 0.713 0.689 12.250 12.312 1
MS-2-1 0.0460 1.900 1.933 1.964 1.913 0.609 0.611 5.760 5.777 9 0.911 0.911 0.0459
MS-2-2 0.0455 1.897 1.966 1.956 1.908 0.596 0.612 5.732 5.721 9 0.911 0.911 0.0459
MS-3-1 0.0460 1.952 1. 974 1.924 1.898 0.618 0.631 6.890 6.819 9 0.911 0.911 0.0459
MS-3-2 0.0460 1.939 1.907 1.972 1. 974 0.646 0.616 6.857 6.885 9 0.911 0.911 0.0459
MS-8-1 0.0460 3.005 3.010 3.000 2.995 0.623 0.645 5.735 5.701 9 1. 197 1.197 0.0461
MS-8-2 0.0465 3.018 2.999 2.999 3.018 0.583 0.599 5.740 5.758 9 1. 197 1.197 0.0461
Notes: 1. See Figures 13 and 14 for the svmbo1s used for dimensions.
2. Inside bend radius was assumed to be equal to the thickness.
3. Shear specimens are designated as follows:
S - 11 - 1
Beam Section Channel No. Test No.
w
MS - 8 - 1 N
Modified Beam Channel No. Test No.
Section
TABLE 3
PERTINENT PARAMETER5 OF 5HEAR TE5T 5PECIMEN5
Beam 5pan F
5pecimen (w/t)l im Length,L yNo. hit wit a/h (i n. ) (ksi)
5-1-1 101 .84 38.84 38.16 0.481 6.750 33.46
5-1-2 100.26 38.33 38.16 0.515 6.750 33.46
5-2-1 124.09 38.71 38.16 1.022 14.375 33.46
5-2-2 122.85 37.46 38.16 1. 012 14.375 33.46
5-3-1 150. 15 38.13 38.16 1.009 15.500 33.46
5-3-2 148.95 38.69 38.16 1.013 15.500 33.46
5-8-1 123.50 61.35 38.16 1.013 14.375 33.46
5-8-2 124.15 60.80 38.16 1.027 14.375 33.46
5-9-1 145.72 71. 74 38.16 1.044 16.000 33.46
5-9-2 146.89 71.91 38.16 1.036 16.000 33.46
5-9-3 145.18 71.44 38.16 1.030 16.000 33.46
5-9-4 143.95 70.96 38.16 1.040 16.000 33.46
5-9-5 144.70 71.31 38.16 1.040 25.125 33.46
5-9-6 144.88 69.76 38.16 1.020 25.125 33.46
5-9-7 143.97 71.17 38.16 3.230 53.750 33.46
5-9-8 144.34 71.35 38.16 3.230 53.750 33.46
5-10-1 80.25 27.05 30.10 1.004 11 .000 53.79
5-10-2 81.26 26.70 30.10 1.017 11.000 53.79
5-10-3 80.89 26.93 30.10 0.606 6.750 53.79
5-10-4 80.95 26.93 30.10 0.605 6.750 53.79
5-10-5 80.01 26.91 30.10 0.603 6.750 53.79
5-11-1 113.70 25.70 30.10 1.011 14.750 53.79
5-11-2 113.20 25.74 30.10 1.016 14.750 53.79
5-11-3 112.71 25.74 30.10 1.010 14.750 53.79
5-12-1 141. 43 26.00 30.10 1.039 16.750 53.79 w
5-12-2 142.02 26.04 30.10 1.034 16.750 53.79 w
5-12-3 139.20 25.40 30.10 1.029 16.750 53.79
5-17-1 112.35 63.61 30.10 1.068 13.875 53.79
TABLE 3 (cont'd)
PERTINENT PARAMETERS OF SHEAR TEST SPECIMENS
Beam Span FySpecimen (wit) 1im LengthNo. hit wit alh (i n. ) (ksi)
S-17-2 112.35 55.67 30.10 1.056 13.875 53.79
S-18-1 139.88 64.23 30.10 1.025 16.750 53.79
S-18-2 140.25 64.16 30.10 1.037 16.750 53.79
S-19-1 202.75 26.46 33.35 1.019 19.750 43.82
5-19-2 198.51 27.43 33.35 1.017 19.750 43.82
5-19-3 199.45 26.86 33.35 1.015 19.750 43.82
5-20-1 263.88 28.51 33.35 1.006 26.750 43.82
5-20-2 250.55 26.51 33.35 1.006 26.750 43.82
5-20-3 253.97 26.33 33.35 1.013 26.750 43.82
M5-2-1 123.59 38.02 38.16 1.022 14.375 33.46
M5-2- 2 123.98 39.21 38. 16 1.014 14.375 33.46
M5-3-1 147.78 38.91 38.16 ' 1. 007 15.500 33.46
M5-3-2 147.67 38.15 38.16 1.006 15.500 33.46
M5-8-1 122.67 61.43 38.16 1.014 14.375 33.46







(ksi) (ksi) Percent* Comments
53.79 73.08 29 Sharp Yielding
43.82 55.73 29 Sharp Yielding




EXPERIMENTAL DATA FOR 5HEAR TE5T 5PECIMEN5
.fail
'(fail TBeam (Pu)test (Tcr)test (W )test T
fail exact
5pecimen (Pcr\est exact ave fail
No. (kips) (ki ps) (ksi) (in .. -kips) (ksi) (ksi) Tave
*5-1-1 (A) 17. 18 - .- 20.40 22.92 20.56 1. 115
5-1-2 (A) 17.23 -
-
20.46 22.80 20.75 1.099
5-2-1 (A) 15.48 - .- 47.90 17.19 15. 16 1. 134
5-2-2 (A) 15.63 -
-
48.30 17.18 15.15 1. 134
5-3-1 (A) 16.00 -
-
54.00 14.99 12.98 1.154
5-3-2 (A) 16.89 -
-
57.00 16.10 13.96 1. 153
5-8-1 (A) 14.99 - - 46.38 16.04 14.64 1.096
5-8-2 (A) 15.15 -
-
46.88 16.08 14.66 1.097
5-9-1 (A) 15. 18 -
-
53.14 13.74 12.48 1.101
5-9-2 (A) 16.80 -
-
58.80 15.11 13.73 1.100
5-9-3 (A) 7.00 - Premature Failure Resulting From Web Crippling
5-9-4 (A) 15.36 13.00 10.58 53.77 13.49 12.68 1.063
5-9-5 (B) 14.28 8.00 6.45 49.99 12.45 11.72 1.063
5-9-6 (B) 16.50 9.00 7.19 57.76 14.04 13.40 1.048
5-9-7 (C) 17.43 9,00 7.20 63.91 15.55 14. 14 1.099
5-9-8 (C) 18.30 9.00 7.21 67.10 15.58 14.87 1.048
5-10-1(A) 17.25 -
-
33.42 26.28 23.48 1.119
5-10-2(A) 14.83 -
-
28.74 22.33 19.92 1. 121
5-10-3(A) 20.55 - .- 24.40 31. 15 27.75 1. 123
5-10-4(A) 22.80 - - 27.08 34.45 30.77 1.120
5-10-5(A) 22.38 - - 26.58 33.69 30.08 1.120
5-11-l(A) 23.00 - - 73.32 24.02 20.38 1.179
S-11-2(A) 25.93 - - 82.66 26.94 23.29 1.157
5-11-3(A) 24.58 17.00 14.79 78.36 25.20 21.76 1.158 ~
S-12-HA) 18.+ - .. 66.38 15. 14 12.81 1.182
S-12-2(A) 21.48 - .- 79.22 17.98 15.22 1.182
TABLE 5 (cont1d)
EXPERIMENTAL DATA FOR SHEAR TEST SPECIMENS
Tfail T
fai1
Beam (Pu)test (Pcr)test (Tcr)test T
fai1 exact
Specimen (M')test exact ave ran
No. (kips) (kips) (ksi) (in.-kips) (ksi) (ksi) Tave
S-12-3(A) 18.52 14.00 9.48 68.30 15.09 12.75 1.183
S-17-l(A) 24.60 - - 73.04 23.64 21 .84 1.082
S-17-2(A) 24.00 - - 71.26 23.26 21. 32 1.091
S-18-l(A) 24.09 - - 88.84 18.42 16.72 1.102
S-18-2(A) 21. 90 - - 80.76 16.70 15.16 1.102
S-19-1(A) 11.13 - - 54.96 7.42 6.07 1.222
S-19-2(A) 10. 14 7.00 3.69 50.06 6.59 5.40 1.221
S-19-3(A) 16.55 9.00 4.74 81.72 10.76 8.81 1.222
S-20-1(A) 6.25 5.00 2.40 38.68 3.44 2.75 1.250
S-20-2(A) 6.50 - - 40.22 3.39 2.71 1.250
S-20-3(A) 13.89 5.00 2.55 85.96 7.46 5.97 1.249
MS-2-1(A) 15.74 - - 48.70 17.39 15.32 1. 135
MS-2-2(A) 15.97 - - 49.42 17.95 15.83 1.134
MS-3-1 (A) 15.75 - - 53.16 14.80 12.83 1. 154
MS-3-2(A) 14.82 - - 50.02 13.89 12.04 1.154
MS-8-1 (A) 16.21 - - 50. 16 17.44 15.92 1.095
MS-8-2(A) 14.60 - - 45.18 15.44 14. 11 1.095
*Denotes test setup which was used. w
......
TABLE 6
COMPARISONS OF EXPERIMENTAL AND THEORETICAL
DATA FOR SHEAR TEST SPECIMENS
Theoretical Data fail fail ./ail fail (Tcr) test'Tave T failBeam (Tcr )Basler (Tcr)act (Mu)comp
exact ave Tave T
Specimen Ty ~act(Tcr)act (Tcr)act (Tct)Bas1er 1 Ty (Tcr)actNo. (ksi) (ksi) (ksi) (in.-Kips) y
S-1-1 19.32 69.67* 69.67* 41.06 - - - 1.064 1.186
S-1-2 19.32 64.05* 64.05* 40.86 - - - 1.074 1.180
S-2-1 19.32 15.96 14.82 54.03 1.023 1.160 0.950
S-2-2 19.32 16.15 15.00 64.94 1.010 1.145 0.938
S-3-1 19.32 11.26 11.26 66.45 1.153 1.331 1.153
S-3-2 19.32 11.64 11.64 65.06 1.199 1.383 1.199
S-8-1 19.32 15.93 14.80 58.38 0.989 1.084 0.919
S-8-2 19.32 15.62 14.51 53.66 1.010 1.108 0.939
S-9-1 19.32 11.31 11 .31 72.20 1.103 1.215 1.103
S-9-2 19.32 11.21 11. 21 72.07 1.225 1.348 1.225
S-9-3 19.32 11. 51 11.51
S-9-4 19.32 11.65 11.65 135.90 1.088 1. 158 1.088 - - 0.908
S-9-5 19.32 11.47 11.47 138.36 1.022 1.085 1.022 - - 0.562
S-9-6 19.32 11.62 11.62 180.96 1.153 1.208 1.153 - - 0.619
S-9-7 19.32 7.36 7.36 139.52 1.921 2.113 1.921 - - 0.978
S-9-8 19.32 7.32 7.32 168.04 2.031 2. 128 2.031 - - 0.985
S-10-1 31.06 38.54* 38.54* 47.64 - -- - 0.756 0.846
S-10-2 31.06 37.19* 37.19* 48.04 - - - 0.641 0.719
S-10-3 31.06 75.58* 75.58* 48.12 - - - 0.893 1.003
S-10-4 31.06 75.64* 75.64* 48.11 - - - 0.991 1.109
S-10-5 31.06 75.59* 75.59* 48.20 - - - 0.968 1.085
S-11-1 31.06 19.08 19.08 83.47 1.068 1.259 1.068
S-11-2 31.06 19. 18 19.18 82.57 1.214 1.405 1.214
S-11-3 31.06 20.96 20.96 84.39 1.038 1.202 1.038 - - 0.706




COMPARISONS OF EXPERIMENTAL AND THEORETICAL
DATA FOR SHEAR TEST SPECIMENS
Theoretical Data fail Tfail Tfail fail fa il (Tcr)testBeam (Mu)comp
Tave exact ave Tave Texact
Specimen Ty (Tcr )Basler (Tcr)act
No. (ksi) (ksi) (ksi) (in. -kips) (Tcrhct (Tcr)act (Tcr)Basl er Ty Ty (Tcr)act
S-12-2 31.06 12.00 12.00 108. 16 1.268 1.498 1.268
S-12-3 31.06 12.70 12.70 112.07 1.004 1.188 1.004 - - 0.746
S-17-1 31.06 17.01 17.01 94.39 1.284 1.390 1.284
S-17-2 31.06 17.65 17.65 94.24 1.208 1.318 1.208
S-18-1 31.06 12.86 12.86 123.69 1.300 1.432 1.300
S-18-2 31.06 12.66 12.66 123.63 1.197 1.319 1.197
S-19-1 25.30 5.96 5.96 119.11 1. 018** 1.245** 1.018**
S-19-2 25.30 6.23 6.23 122.70 0.867** 1.058** 0.867** - - 0.592
S-19-3 25.30 6.24 6.24 122.22 1.412 1.724 1.412 - - 0.760
S-20-1 25.30 3.56 3.56 145.14 0.772** 0.966** 0.772** - - 0.674
S-20-2 25.30 3.95 3.95 155.22 0.686** 0.858** 0.686**
S-20-3 25.30 3.73 3.73 150.05 1.601 2.000 1.601 - - 0.684
MS-2-1 19.32 15.72 14.60 70.12 1.049 1. 191 0.975
MS-2-2 19.32 15.73 14.61 68.92 1.084 1.229 1.006
MS-3-1 19.32 11.33 11.33 85.72 1. 132 1.306 1. 132
MS-3-2 19.32 11.36 11 .36 85.78 1.060 1.223 1.060
MS-8-1 19.32 15.89 14.76 92.27 1.079 1.182 1.002
MS-8-2 19.32 15.85 14.73 93.36 0.958 1.048 0.890
*For this case, the theoretical shear buckling stress exceeds T •




FACTOR5 OF 5AFETY AGAIN5T ALLOWABLE SHEAR
BA5ED ON THE AI51 5PECIFICATION(3)
40
Beam F - 83200 V = F A
5pecimen y- (h/t)2 a_ Y W (Vu)test
No. (ksi) (kips) (kips)
5-1-1 8.02 3.43 8.59 2.51
5-1-2 8.28 ~.52 8.62 2.45
5-2-1 5.40 2.86 7.74 2.71
5-2-2 5.51 2.94 7.82 2.66
5-3-1 3.69 2.35 8.00 3.41
5-3-2 3.75 2.35 8.45 3.60
5-8-1 5.46 2.85 7.50 2.63
5-8-2 5.40 2.84 7.58 2.67
5-9-1 3.92 2.42 7.59 3.14
5-9-2 3.86 2.40 8.40 3.50
5-9-3 Premature Failure Resulting From Web Crippling
5-9-4 4.02 2.47 7.68 3.11
5-9-5 3.97 2.47 7.14 2.90
5-9-6 3.97 2.49 8.25 3.32
5-9-7 4.01 1.67 5.81 3.48
5-9-8 3.99 1.66 6.10 3.67
5-10-1 12.92 4.89 8.63 1.77
5-10-2 12.60 4.82 7.42 1.54
5-10-3 12.72 4.84 10.28 2. 12
5- 10-4 12. 70 4.84 11. 40 2.36
5-10-5 13.00 4.90 11.19 2.29
5-11-1 6.44 3.66 11.50 3.14
5-11-2 6.49 3.68 12.97 3.53
5-11-3 6.55 3.77 12.29 3.26
5-12-1 4.16 2.97 9.00* 3.04
5-12-2 4.13 2.96 10.74' 3.63
5-12-3 4.29 3.17 9.26 2.92
5-17-1 6.59 3.86 12.30 3.19
5-17-2 6.59 3.86 12.00 3.11
5-18-1 4.25 3.19 12.05 3.82
5-18-2 4.23 3.15 10.96 3.48
5-19-1 2.02 1.87 5.57 2.97
5-19-2 2.11 2.00 5.07 2.53
5-19-3 2.09 1.99 8.28 4.17
5-20-1 1.19 1.37 3.13 2.29
5-20-2 1.33 1.61 3.25 2.02
5-20-3 1. 29 1. 52 6.95 4.58
MS-2-1 5.45 2.85 7.87 2.76
MS-2-2 5.41 2.78 7.99 2.R7
M5-3-1 3.81 2.39 7.88 3.31
MS-3-2 3.82 2.39 7.41 3.11
MS-8-1 5.53 2.87 8.11 2.82
MS-8-2 5.61 2.83 7.30 2.58
*Approximate test data
TABLE 8
FACTORS OF SAFETY AGAINST ALLOWABLE SHEAR BASED ON
ACTUAL ASPECT RATIO AND PROPORTIONAL LIMIT
Beam fv fa=fvll.67 V= f A (Vu}test (Vu}testSpecimen a a w
No. (ksi) (ksi) (kips) (kips) V;
S-l-l 19.32 11.57 4.95 8.59 1. 74
5-1-2 19.32 11. 57 4.91 8.62 1. 75
S-2-1 14.82 8.87 4.70 7.74 1. 65
5-2-2 15.00 8.98 4.79 7.82 1.63
5-3-1 11.26 6.74 4.29 8.00 1.87
5-3-2 11.64 6.97 4.36 8.45 1. 94
5-8-1 14.80 8.86 4.63 7.50 1.62
S-8-2 14.51 8.69 4.57 7.58 1.66
5-9-1 11 .31 6.77 4.18 7.59 1.82
S-9-2 11 .21 6.71 4.17 8.40 2. ill
5-9-3 Premature Fail ure Resulting From Lateral Instabi 1ity
5-9-4 11.65 6.98 4.29 7.68 1. 79
5-9-5 11.47 6.87 4.26 7.14 1.68
S-9-6 11.62 6.96 4.36 8.25 1.89
5-9-7 7.36 4.41 1.84 5.81 3. 16
5-9-8 7.32 4.38 1.82 6.10 3.35
5-10-1 31.06 18.60 7.02 8.63 1.23* .
5-10-2 31.06 18.60 7.11 7.42 1.04*
5-10-3 31.06 18.60 7.08 10.28 1.45*
5-10-4 31.06 18.60 7.08 11.40 1.61
5-10-5 31.06 18.60 7.00 11. 19 1.60
5-11-1 19.08 11.43 6.50 11.50 1.77




FACTORS OF SAFETY AGAINST ALLOWABLE SH~AR BASED ON
ACTUAL ASPECT RATIO AND PROPORTIONAL LIMIT
Beam fv fa=fvI1. 67 V= f Pw (Vu)test (Vu)testSpecimen a a
No. (ksi) (ksi) (kips) (ki ps) Va
S-11-3 20.96 12.55 7.21 12.29 1. 70
S-12-1 12.06 7.22 5.15 9.00 1. 75
S-12-2 12.00 7.19 5.15 10.74 2.09
S-12-3 12.70 7.60 5.61 9.26 1.65
S-17-1 17.01 10. 19 5.96 12.30 2.07
5-17-2 17.65 10.57 6.18 12.00 1. 94
S-18-1 12.86 7.70 5.72 12.05 2.11
5-18-2 12.66 7.58 5.64 10.95 1.94
S-19-1 5.96 3.57 3.31 5.57 1. 68**
5-19-2 6.23 3.73 3.54 5.07 1.43**
5-19-3 6.24 3.74 3.56 8.28 2.33
5-20-1 3.56 2.13 2.44 3.13 1.28**
5-20-2 3.95 2.37 2.87 3.25 1.14**
5-20-3 3.73 2.23 2.62 6.95 2.65
MS-2-1 16.00 9.58 5.01 7.87 1. 57
MS-2-2 16.01 9.59 4.93 7.99 1.62
MS-3-1 11.33 6.78 4.24 7.88 1.86
MS-3-2 11.36 6.80 4.25 7.41 1. 74
M5-8-1 14.76 8.84 4.59 8.11 1. 77




is based on (fv)cr or Ty whichever is smaller.
2. (fv)~~ is computed using the actual aspect ratio anrl. the ~I'\)
actual proportional limit in shear as applicable.
*Failed in bending
•• - • - I •
42a
TABLE 9
FACTORS OF SAFETY AGAINST THE PROPOSED ALLOWABLE SHEAR STRESSES
Beam Fv fail failSpecimen hit kv
Tave
T
(ksi) F.S. = aveNo. (ks i) Fv
S-l-l 101 .84 27.08 13.38 20.56 1.54
S-1-2 100.26 24.13 13.38 20.75 1.55
S-2-1 124.09 9.17 9.26 15.16 1.64
S-2-2 122.85 9.25 9.41 15.15 1.61
S-3-1 150.15 9.27 6.39 12.98 2.03
S-3-2 148.95 9.24 6.48 13.96 2.15
S-8-1 123.50 9.24 9.35 14.64 1.57
S-8-2 124.15 9.13 9.21 14.66 1.59
S-9-1 145.72 9.01 6.60 12.48 1.89
S-9-2 146.89 9.07 6.54 13.73 2.10
S-9-4 143.95 . 9.04 6.78 12.68 1.87
S-9-5 144.70 9.04 6.71 11 .72 1.75
S-9-6 144.88 9.18 6.80 13.40 1.97
S-9-7 143.97 5.72 4.29 14.14 3.30*
S-9-8 144.34 5.72 4.27 14.87 3.48
S-10-4 80.95 18.59 21.52 30.77 1.43
S-10-5 80.01 18.69 21 .52 30.08 1.40
S-11-1 113.70 9.26 11 .14 20.38 1.83
S-11-2 113.20 9.22 11 .19 23.29 2.08
S-11-3 112.71 9.26 11 .33 21.76 1.92
S-12-1 141.43 9.05 7.04 12.81 1.82
S-12-2 142.02 9.08 7.00 15.22 2.17
S-12-3 139.20 9.12 7.32 12.75 1.74
S-17-1 112.35 8.85 10.90 21 .84 2.00
S-17-2 112.35 8.93 11 .00 21 .32 1.94
S-18-1 139.88 9.15 7.27 16.72 2.30
S-18-2 140.25 9.06 7.16 15.16 2.12
S-19-3 199.45 9.22 3.60 8.81 2.45
S-20-3 253.97 9.24 2.23 5.97 2.67
MS-2-l 123.59 9.17 9.31 15.32 1.65
MS-2-2 123.98 9.23 9.31 15.83 1.70
MS-3-1 147.78 9.28 6.61 12.83 1.94
MS-3-2 147.67 9.29 6.62 12.04 1.82
MS-8-1 122.67 9.23 9.41 15.92 1.69
MS-8-2 121.83 9.20 9.46 14.11 1..49
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Fig. 1. Maximum End Reaction of I-Beams Governed by
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Fig. 3. Maximum End Reaction of I-Beams Governed by
Shear and Web Crippling, F = 50 ksiy
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Fig. 4. Maximum Concentrated Load or Interior Reaction of I-Beams
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Fig. 5. Maximum End Reaction of Unreinforced Single Webs
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Fig. 6. Maximum End Reaction of Unreinforced Single Webs
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Fig. 7. Maximum End Reaction of Unreinforced Single Webs Governed
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Fig ••8. Maximum End Reaction of Unreinforced Single Webs Governed
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Fig. 9. Maximum Concentrated Load or Interior Reaction of Unreinforced
Single Webs Governed by Shear and Web Crippling, F = 33 ksiy
28
Unreinforced Single Webs
F = 33 ksiy








































0.04 0.08 0.12 0.16 0.20 0.24
Sheet Thickness, t, in.
Fig. 10. Maximum Concentrated Load or Interior Reaction of Unreinforced
Single Webs Governed by Shear and Web Crippling, F = 33 ksiy
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Fig. 11. Maximum Concentrated Load or Interior Reaction of Unreinforced
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Fig. 12. Maximum Concentrated Load or Interior Reaction of Unreinforced
Single Webs Governed by Shear and Web Crippling, F = 50 ksi
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Yig. 14. Dimensions of Modified Shear Test Specimens
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Fig, 25. Arrangement of Connections
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APPENDIX A
DEFORMATION MEASUREMENTS OF WEB ELEMENTS
A study was conducted to determine the buckling pattern for beam
webs subjected to primarily shear. This investigation involved the
measurement of the lateral deformations of the web elements for various
loading increments. The deformations were plotted to obtain a visual
record of the buckle wave.
The lateral deformations of the web were measured to the nearest
one thousandth of an inch (0.001 in.) by using five linear potentiometers.
The potentiometers were spaced at 1-1/2 in. centers and were attached to
a frame which could be adjusted to any position according to the grid
lines plotted on the web (Fig. A.l). Results of tests indicate that the
accuracy of the lateral displacement measurement apparatus is such that
repeatability of the readings is assured.
The potentiometer readings were recorded on a punched paper tape
utilizing a data acquisition system (Fig. A.2). This data was then
interpreted and plotted by using a Wang Model 600 Programmable Calculator 5
X-v Plotter, and paper tape reader (Fig. A.3).
Typical plots of the lateral deformations in the vertical direction
for the beam webs are shown in Figs. A.4-A.7. A study of these figures
indicates that the web remained relatively straight up to the application
of the theoretical buckling load. However 5 when the applied load exceeded
the theoretical buckling 10ad 5 out of plane deformations increased
significantly. As observed from Figs. A.4-A.7 5 a distinct diagonal shear
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Fig. A.7. Web Profile at Section d-d for Shear Test
Specimen No. S-18-1
APPENDIX B--NOTATION
The following symbols are used in this report:
Aw = cross-sectional area of beam web;
a = length of web element;
b = width of section where shear stress is desired;
E = modulus of elasticity;
Et = tangent modulus;
Fv = allowable shear stress;
Fy = tensile yield point;
Go = initial shear modulus;
Gs = secant shear modulus;
H = web slenderness ratio, hit;
h = clear distance between flanges measured along plane of web;
I = moment of inertia of full section;
k = buckling coefficient;
(M')test = bending moment computed by using (Pu)test;
(Pcr)test = critical load initiating web buckling caused by shear stress;
P = shear failure load;
u
(Pu)test = tested maximum load for the beam specimen;
Pq = maximum permissible shear stress;
Q = static moment of area taken about the neutral axis;
t = thickness of base material;
v = external shear at section in question;
~ = aspect ratio of web element;
~ = Poisson's ratio;
Tfail = average shear stress at failure;
avg
Tcr = critical shear buckling stress;
76
TcrE = critical elastic shear buckling stress;
TcrI = critical inelastic shear buckling stress;
T~~j~t = failure shear stress based on beam theory;
Tp = proportional limit in shear;
Ttheo = theoretical shear stress;
TU = ultimate shear stress;
Ty = shear yield stress;
a = normal stress;
at = Fy (1- Tcr/Ty); and
¢a = performance factor.
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